A Gram stain-negative, motile and rod-shaped bacterial strain, designated NB097-1 T , was isolated from a marine sediment sample collected from the Bering Sea, and subjected to a polyphasic taxonomic study. Strain NB097-1 T grew at 0-25 C, with an optimum growth temperature of 10-13 C. Phylogenetic trees reconstructed based on 16S rRNA gene sequences indicated that strain NB097-1 T belonged to the genus Colwellia. Strain NB097-1 T exhibited 16S rRNA gene sequence similarities of 98.6, 98.5, 98.0, 97.2 and 96.8 % with the type strains of Colwellia mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis, respectively. Strain NB097-1 T had Q-8 as the major respiratory quinone and contained summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) and C 16 : 0 as the major fatty acids. The major polar lipids detected in strain NB097-1 T were phosphatidylglycerol and phosphatidylethanolamine. The genomic DNA G+C content of strain NB097-1 T was 38.5 mol%, and its average nucleotide identity values with the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis were 77.30, 78.99, 78.82, 80.66 and 75.77 %, respectively. On the basis of phenotypic, chemotaxonomic and phylogenetic properties, together with average nucleotide identity value data, strain NB097-1 T represents a novel species of the genus Colwellia, for which the name Colwellia beringensis sp. nov. is proposed. The type strain is NB097-1 T (=MCCC 1A11668 T =KCTC 52554 T ).
The genus Colwellia was proposed by Deming et al. with the description of two bacteria, Colwellia psychroerythrus and Colwellia hadaliensis [1] . At the time of writing, the genus Colwellia comprised 17 species (https://www.ncbi.nlm.nih. gov/Taxonomy/Browser/wwwtax.cgi?id=28228). Phylogenetic analysis based on 16S rRNA gene sequences shows that the genus Colwellia falls within the class Gammaproteobacteria [2, 3] . Most species of the genus Colwellia have been isolated from marine environments, and many of them grow well in cold environments [2, [4] [5] [6] . During a survey of cold-loving bacteria in marine sediments collected from the Bering Sea in the Pacific Ocean, we isolated a psychrophilic bacterium strain, which we designated NB097-1 T . Physiological, biochemical, chemotaxonomic and phylogenetic data, together with a comparative analysis of the genome sequences, indicated that the new isolate represented a novel species of the genus Colwellia.
Marine sediment samples from the Bering Sea (167 36¢ 00 † W, 62 35¢ 48¢ † N) were collected for the isolation of bacterial strains during the sixth Chinese National Arctic
Research Expedition cruise of the icebreaker Xue Long. Strain NB097-1 T was isolated by the standard dilution-plating technique on marine agar 2216 (MA; Difco) after incubation at 4 C for 5 days and was routinely grown at 13 C on MA. Colwellia polaris MCCC 1C00015 T , C. aestuarii CGMCC 1.6965 T , C. chukchiensis CGMCC 1.9127 T , C. sediminilitoris KCTC 52213 T and C. mytili KCTC 52417 T were obtained from the Marine Culture Collection of China (MCCC), the China General Microbiological Culture Collection Centre (CGMCC) and the Korean Collection for Type Cultures (KCTC) and were used as reference strains. Strains were stored at À80 C in marine broth 2216 (MB) supplemented with 15 % (v/v) glycerol.
The cell morphology, size and presence of flagellum were determined by transmission electron microscopy (JEM-1230; JEOL), with cells negatively stained with phosphotungstic acid after being grown on MA at 13 C for 2 days. Colony morphology was observed on MA after incubation at 13 C for 3 days. Growth at 0, 4, 8, 10, 13, 16, 19, 22, 25 and 28 C was examined on MA to determine the optimal temperature and temperature range for growth. Tolerance to NaCl was measured in a medium containing (l À1 ) 5 g MgCl 2 , 2 g MgSO 4 , 0.5 g CaCl 2 , 1 g KCl and 5 g peptone (adjusted to pH 7.5 with 1 M NaOH) supplemented with 0-10 % NaCl in increments of 1 % [7] . The optimal pH and pH range for growth were investigated by measuring growth at pH 5.5-11.0 (at intervals of 0.5 pH unit) in the medium described above supplemented with 3 % NaCl and adjusted to different pH values with 1 M HCl or 1 M NaOH. Five different types of buffer (final concentration, 20 mM) were used to maintain the pH: MES buffer for pH values of 5.5 and 6.0, PIPES buffer for pH values of 6.5 and 7.0, HEPES buffer for pH values of 7.5 and 8.0, tricine buffer for pH 8.5, and CAPSO [3-(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid] buffer for pH values between 9.0 and 11.0. Hydrolysis of casein, starch and Tween 20, 40, 60 and 80, Gram stain, and tests for catalase and oxidase were carried out using conventional methods [8] . Utilization of various substrates for growth was tested according to Yurkov et al.
[9] using supplementation with 1 % (v/v) vitamin solution and 2 % Hutner's mineral salts. Acid production from carbohydrates was determined as described by Leifson [10] . Motility was tested on MB with 0.3 % agar. Anaerobic growth was examined on MA and on MA supplemented with sodium nitrate (0.1 %, w/v) incubated in a jar with the Anoxomat Mark II Anaerobic System (Mart Microbiology). Activities of constitutive enzymes and other physiological properties were determined using API kits (API ZYM, API 20E; bioM erieux) according to the manufacturer's instructions, with the inoculum prepared in a 3 % (w/v) NaCl solution. Antibiotic susceptibility tests were carried out on MA plates using antibiotic discs (OXOID) containing the following antibiotics (g per disc unless otherwise stated) as previously described [11] : carbenicillin (100), streptomycin (25), oleandomycin (15) , gentamicin (30), chloramphenicol (50), cephalothin (30), polymyxin B (300 U), ampicillin (10), novobiocin (5), tetracyciline (30), lincomycin (15) and penicillin (10 U). Strain NB097-1 T and the type strains of phylogenetically related species were tested concurrently.
The cell mass of strain NB097-1 T used for DNA extraction was obtained from cultures grown for 2 days in MB at 13 C. Genomic DNA was extracted and purified using a bacterial genomic DNA kit (Tiangen) according to the manufacturer's instructions. The genome was sequenced using single molecular real-time (SMRT) technology with the PacBio RS II sequencer, and a circular chromosome was assembled using the hierarchical genome assembly process (HGAP) algorithm. The complete genome sequence of strain NB097-1 T was submitted to GenBank with the accession number CP020465. The 16S rRNA gene sequence (GenBank accession number MG016490) of strain NB097-1 T was obtained from the complete genome and was submitted to the GenBank and EMBL databases to search for similar sequences using the BLAST algorithm. Phylogenetic trees were reconstructed using the neighbour-joining [12] , maximum-parsimony and maximum-likelihood [13] methods in MEGA version 5.2 [14] . Bootstrap percentages were calculated with 1000 replicates.
The average nucleotide identity (ANI) values between strain NB097-1 T and the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis were calculated using the ANI calculator (http://www.ezbiocloud.net/tools/ ani). The estimated DNA-DNA hybridization (DDH) values were calculated using the genome to genome distance calculator (GGDC2.1, http://ggdc.dsmz.de/distcalc2.php). The genome sequences of strain NB097-1 T (NZ_CP020465.1) and the type strains of C. mytili (NZ_NBOF01000001.1), C. sediminilitoris (NZ_NBOG01000001.1), C. aestuarii (NZ_NBOD01000001.1), C. polaris (NZ_NBOE01000001.1) and C. chukchiensis (NZ_NBOC01000001.1) were obtained from the NCBI database. The DNA G+C content was determined according to the genomic DNA sequences of strain NB097-1 T and the type strains of phylogenetically related strains.
The cell mass of strain NB097-1 T used for the analyses of respiratory quinones was obtained from cultures grown for 3 days on MA at 13 C. Respiratory quinones were extracted and purified as described previously [15] . The respiratory quinones were analysed by reversed-phase HPLC using an ODS (150Â4.6 mm) column and were eluted using a mixture of methanol/isopropanol (3 : 1, by vol.) at a flow rate of 1 ml min À1 at 40 C, detected by UV absorbance at 270 nm. For fatty acid methyl ester analysis, cells of strain NB097-1 T and the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis were obtained from MA after incubation at 13 C for 72 h in the dark. The fatty acid methyl esters were saponified, methylated and extracted according to the standard protocol described in the MIDI/Hewlett Packard Microbial Identification System [16] . The fatty acids were analysed by GC (6850; Agilent Technologies) and identified using the TSBA6.0 database of the Microbial Identification System. For polar lipid analyses, cell masses of strain NB097-1 T and the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis were obtained from cultures grown for 5 days in MB at 13 C. Polar lipids were extracted according to the procedures described by Minnikin et al. [17] and were separated by two-dimensional TLC using chloroform/methanol/ water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension. Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid, a-naphthol reagents, ninhydrin and molybdenum blue.
Cells of strain NB097-1 T were Gram-negative, motile rods with a polar flagellum (Fig. S1 , available in the online version of this article). Colonies on MA were white, smooth, circular and convex with entire margins. Strain NB097-1 T grew at 0-25 C with an optimal growth temperature of 10-13 C and grew at pH 6-10.5 with an optimal growth pH of 7.5-9.5. Strain NB097-1 T did not grow at 28 C and grew weakly at 0 C. Strain NB097-1 T grew in the presence of 1-6 % (w/v) NaCl, and did not grow in the absence of NaCl. Strain NB097-1 T could not grow under anaerobic conditions on MA or on MA supplemented with nitrate. The API results are described in the species description and are shown in Table 1 . Strain NB097-1 T and the type strains of phylogenetically related strains were all sensitive to carbenicillin, chloramphenicol, oleandomycin, streptomycin, gentamicin and polymyxin B. The different antibiotic susceptibility patterns exhibited by these strains are shown in Table 1 .
The neighbour-joining phylogenetic analysis based on 16S rRNA gene sequences showed that strain NB097-1 T grouped with members of the genus Colwellia and clustered with the type strains of C. sediminilitoris, C. mytili, C. aestuarii, C. polaris and C. chukchiensis (Fig. 1) . The maximum-parsimony and maximum-likelihood phylogenetic analyses showed the same results (Figs S2 and S3) . The 16S 
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Acid production from: rRNA gene sequence similarity values between strain NB097-1 T and the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis were 98.6, 98.5, 98.0, 97.2 and 96.8 %, respectively. The high similarities strongly confirmed that strain NB097-1 T belongs to the genus Colwellia.
The ANI values between strain NB097-1 T and the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis were 77.30, 78.99, 78.82, 80.66 and 75.77 %, respectively. The ANI values all conformed to standard criteria for classifying strains as different species (less than 95-96 % identity) [18] . This demonstrated that strain NB097-1 T represented a novel species of the genus Colwellia. The estimated DDH values between strain NB097-1 T and the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis were 21.4, 22.5, 22.9, 24.1 and 20.9 %, respectively. These results also confirmed that strain NB097-1 T represented a novel species.
The major respiratory quinone of strain NB097-1 T was determined to be Q-8, the same as other species of the genus Colwellia [1, 2, [4] [5] [6] [19] [20] [21] . The major fatty acids (>10 % of the total fatty acids) of strain NB097-1 T were determined to be summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c, 40.7 %) and C 16 : 0 (16.0 %). The fatty acid profile of strain NB097-1 was similar to that of the type strains of phylogenetically closely related species of the genus Colwellia, although there were differences in the proportions of some fatty acids ( Table 2 ). The major polar lipids detected in strain NB097-1 T were phosphatidylglycerol and phosphatidylethanolamine, with minor amounts of diphosphatidylglycerol and two unidentified phospholipids also present. The major polar lipid profile of strain NB097-1 T was similar to that of the type strains of C. mytili, C. sediminilitoris, C. aestuarii, C. polaris and C. chukchiensis (Fig. S4) . The genomic DNA G+C content of the novel isolate NB097-1 T was 38.5 mol%, which was close to that of the type strains of C. mytili (38.05 mol%), C. sediminilitoris (38.22 mol%), C. aestuarii (38.62 mol%), C. polaris (37.51 mol%) and C. chukchiensis (41.91 mol%).
Thus, on the basis of phenotypic, phylogenetic and genotypic data, strain NB097-1 T represents a novel species of the genus Colwellia, and the name Colwellia beringensis sp. nov. is proposed.
DESCRIPTION OF COLWELLIA BERINGENSIS SP. NOV.
Colwellia beringensis (be.ring.en¢sis. N.L. fem. adj. beringensis named after the Bering Sea, the geographical origin of the type strain).
Colwellia psychrotropica ACAM 179 T (U85846)

Colwellia rossensis ACAM 608 T (U14581)
Colwellia maris ABE-1 T (AB002630)
Colwellia piezophila Y223G T (AB094412)
Colwellia hornerae ACAM 607 T (U85847)
Colwellia demingiae ACAM 459 T (U85845)
Colwellia psychrerythraea ACAM 550 T (AF001375)
Colwellia asteriadis KMD 002 T (EU599214)
Colwellia aquaemaris S1 T (JQ948043)
Colwellia polaris 537 T (DQ007434)
Colwellia chukchiensis BCw111 T (FJ889599)
Colwellia aestuarii SMK-10 T (DQ055844)
Colwellia mytili RA2-7 T (KX450475)
Colwellia beringensis NB097-1 T (MG016490)
Colwellia sediminilitoris YSM-23 T (KU696539)
Thalassomonas haliotis NBRC 104232 T (AB682157)
Thalassomonas viridans XOM25 T (AJ294748)
Thalassomonas actiniarum NBRC 104231 T (AB682156)
Thalassotalea piscium T202 T (JX412957)
Thalassomonas agariperforans M-M1 T (HM237288)
Alteromonas australica H17 T (FJ595485)
Pseudoalteromonas shioyasakiensis SE3 T (AB720724)
Pseudomonas aeruginosa 
